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Microorganisms Colonizing Straws Buried 
I n  Chi le  Desert S o i l  Samples 
ABSTRACT 
S t e r i l i z e d  p l a n t  p a r t s  were bu r i ed  i n  t h r e e  Ch i l e  Atacama 
Desert  s o i l  samples. 
s o i l  samples,  washed f r e e  of adhering s o i l  p a r t i c l e s ,  and p l a t e d  
onto t h e  s u r f a c e  of agar  contained i n  p e t r i  d i s h e s .  
o f  fungi  and four  b a c t e r i a  were i s o l a t e d  from t h e  organic  t r a p s .  
D i lu t ion  techniques yielded information d i f f e r e n t  from t h a t  ob- 
t a i n e d  from t h e  t r a p  b u r i a l  t echnique .  
These o rgan ic  t r a p s  were removed from t h e  
Two genera 
T e r r e s t r i a l  d e s e r t  environments appear  t o  l i m i t  t h e  a c t i v i t y  of  l i v i n g  
p rocesses .  In  many d e s e r t s  where macroorganisms do not  e x i s t  f o r  prolonged 
per iods  of time, microorganisms a r e  found which i n d i c a t e s  t h a t  t h e s e  organ- 
isms may have g r e a t e r  a b i l i t i e s  t o  su rv ive  a wider v a r i e t y  of environmental  
cond i t ions .  Microbial  populations i n  s o i l  are  commonly represented  by many 
d i v e r s e  forms o f  microorganisms inc luding  fung i ,  b a c t e r i a ,  Actinomycetes, 
a lgae ,  protozoa and Myxomycetes. 
given l o c a l i t y  usua l ly  develops through the  a b i l i t y  of t h a t  organism t o  
grow and mul t ip ly  on the  ava i l ab le  s u b s t r a t e s  o r  t o  be  t r a n s m i t t e d  t o  t h e  
l o c a l i t y  from elsewhere.  Information included he re in  i s  p r i m a r i l y  involved 
wi th  t h e  microorganisms t h a t  grow and mul t ip ly  on t h e  organic  s u b s t r a t e s  
bu r i ed  i n  t h e  Chi le  d e s e r t  s o i l .  
a r e  dependent on a v a i l a b l e  s u b s t r a t e ,  and t h e  d i s t r i b u t i o n  o f  microorganisms 
wi th in  t h e  s o i l  i s  then  r e l a t e d  t o  both the  p re sen t  and p a s t  occurrence o f  
The ex i s t ence  of  a s p e c i f i c  organism i n  a 
I n t e r r e l a t i o n s h i p s  between microorganisms 
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s u b s t r a t e s  (Gar re t t ,  1963).  Microorganisms i n  t h e  a s s i m i l a t i v e  s t a g e s  
decompose e x i s t i n g  s u b s t r a t e s ,  and as a s u b s t r a t e  i s  exhausted t h e  micro- 
organisms d i e  o r  reproduct ive  o r  r e s t i n g  s t r u c t u r e s  are formed. While 
some r e s t i n g  c e l l s  eventua l ly  pe r i sh ,  o t h e r s  may come i n t o  con tac t  wi th  a 
f r e s h  s u b s t r a t e  and i n i t i a t e  a new cyc le  o f  v e g e t a t i v e  development. 
Harder(1948) , Remy(1949), SSrgel(1941) , Sadasivan(l939)  , Walker(l941) , 
S t a f f e l d t ( l 9 5 1 ) ,  and Calderon and S t a f f e l d t ( l 9 6 5 )  bu r i ed  organic  ma te r i a l s  
i n  s o i l s  t o  t r a p  t h e  microorganisms capable  o f  invading and d i g e s t i n g  the  
bu r i ed  materials. These t r a p s  included s t e r i l i z e d  and n o n - s t e r i l i z e d  stems 
of  wheat, o a t s  and c love r ,  grass fragments ,  p o l l e n  g r a i n s ,  hemp seeds ,  
h o u s e f l i e s  and an t  larvae,  Sadasivan (1939) and Walker( 1941) us ing  t h e  same 
straw co lon iza t ion  technique and s u r f a c e  s t e r i l i z a t i o n  wi th  s i l v e r  n i t r a t e ,  
recognized a l imi t ed  number of genera of  fung i .  S t a f f e l d t ( l 9 5 1 ) ,  employing 
t h e  same co lon iza t ion  technique under ae rob ic  condi t ions  and without  s u r -  
f a c e  s t e r i l i z a t i o n ,  recognized 38 genera of  fungi  and r e p r e s e n t a t i v e s  o f  
t h e  Actinomycetes, Myxomycetes and Basidiomycetes. 
Continued use of t h i s  technique t o  determine t h e  types of  s o i l  fnhabi -  
t a n t s  i n  Ch i l e  d e s e r t  s o i l s  appeared q u i t e  f e a s i b l e .  
S o i l  samples were co l l ec t ed  a s e p t i c a l l y  by D r .  Roy Cameron, Senior  
B io log i s t  , J e t  Propulsion Laboratory,  from t h e  sur face- lcm (#290) , 
1-4cm (#291),  and from t h e  4-12cm depth (#292) and i t  was placed i n  s t e r i l e  
p l a s t i c - l i n e d  sacks .  A t  t h e  time of  t h e  c o l l e c t i o n ,  it was noted t h a t  a l l  
of t h e  s o i l s  were sandy with some whi t e ,  c r u s t y  ma te r i a l  ev ident  and t h i s  
ma te r i a l  increased  i n  q u a n t i t y  with depth of t h e  s o i l  (Cameron, e t  a l ,  1965).  
A l l  samples were a i r  dry a t  t ime o f  c o l l e c t i o n .  Temperature and 
humidity measurements were made a t  t h a t  t ime.  The s o i l  temperature  was 
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2 2 O C  ( a t  Scm), a i r  temperature  was 18OC, and t h e  r e l a t i v e  humidity was 56%. 
S t e r i l i z e d  p l a s t i c - l i n e d  canvas sacks were used t o  t r a n s p o r t  t h e s e  samples ,  
Samples were then s e n t  t o  the  J e t  Propuls ion  Laboratory,  C a l i f o r n i a  I n s t i -  
t u t e  of  Technology, Pasadena, Ca l i fo rn ia  and were l a t e r  s e n t  t o  t h e  micro- 
b i o l o g i c a l  labora tory  a t  N e w  Mexico S t a t e  Univers i ty  f o r  microbia l  a n a l y s i s .  
The microorganisms inhab i t ing  t h e s e  s o i l s  were t rapped by al lowing them 
t o  grow i n t o  s t e r i l e  organic  p l an t  p a r t s .  
s e l e c t e d  from ba led  a l f a l f a  (Medicago s a t i v a )  hay obtained from New Mexico 
S t a t e  Univers i ty  Agronomy Farm. The straws were cu t  i n t o  p i eces  3 inches  
i n  l eng th ,  moistened and steam s t e r i l i z e d  f o r  t h i r t y  minutes a t  15 pounds 
p r e s s u r e .  
Healthy, unbroken straws were 
F i f t een  s t e r i l e  straws were p laced  a s e p t i c a l l y  i n t o  a 3- inch s t e r i l i z e d  
screw capped j a r  with s t e r i l e  forceps and labe led ,  s o i l  (iY290). The e x t r a  
straws added were i n  case of i n c i d e n t a l  mishap i n  t r a n s f e r r i n g  straws. 
Straws were added t o  each of two o t h e r  j a r s  i n  t h i s  manner and l abe led ,  
s o i l  (#291) and s o i l  (#292) r e spec t ive ly .  S o i l  samples were then  poured 
i n t o  t h e  r e s p e c t i v e  j a r s ,  a g i t a t e d  and p laced  a t  room tempera ture .  
Two straws were removed a s e p t i c a l l y  from each j a r  a f t e r  2 ,  4 ,  8, 16, 
and 32 days.  
running t a p  water .  
which was followed by 5 r i n s e s  in  s t e r i l e  d i s t i l l e d  water .  The straws were 
then  p laced  i n  s t e r i l e  paper towels t o  absorb t h e  f r e e  mois ture .  
was a s e p t i c a l l y  cu t  i n t o  t h r e e  equal p a r t s  and p l an ted  a t  t h r e e  p o i n t s  on 
t h e  su r face  of car ro t -decoct ion  agar ,  contained i n  9cm p e t r i  d i s h e s .  
made a t o t a l  of two p l a t e s  f o r  each s o i l  sample o r  6 p l a t e s  p e r  examination 
These straws were washed free o f  adhering s o i l  p a r t i c l e s  with 
I n  add i t ion  they were r in sed  5 t imes with t a p  water 
Each straw 
This  
. .  
4 
da te .  
microbe t o  appear 18 t imes p e r  examination d a t e .  
With t h r e e  p i eces  of  t h e  cut  straw oh each p l a t e  t h i s  would a l low a 
The p e t r i  d i shes  conta in ing  ca r ro t -decoc t ion  aga r  and t h e  p l a t e d  straws 
were examined wi th in  24 t o  48 hours f o r  growth o f  fung i ,  b a c t e r i a  and A c t i -  
nomycetes. Representa t ives  of  un iden t i f i ed  microbes were t r a n s f e r r e d  t o  
agar  s l a n t s  i n  t e s t  tubes f o r  fu r the r  s tudy and i d e n t i f i c a t i o n ,  The d i shes  
were a l s o  examined a t  f requent  i n t e r v a l s  t h e r e a f t e r ,  t o  no te  t h e  presence 
of a d d i t i o n a l  microbes which may have a slower growing r a t e .  
D i lu t ion  p l a t e s  were then  prepared t o  determine t h e  number o f  micro- 
b i a l  co lonies  p r e s e n t .  Di lu t ions  of  l : l O ,  1:100, and 1 : l O O O  were made i n  
t h e  fol lowing manner: 
a g a r ,  a g i t a t e d  and poured i n t o  p e t r i  p l a t e s  f o r  t h e  1 : l O  d i l u t i o n .  This  
same procedure was followed and a s e p t i c a l l y  handled t o  ob ta in  t h e  remaining 
d i l u t i o n s .  
1.5gms of each s o i l  was added t o  13.5mls of  Tryptose 
Bacteria i s o l a t e d  from s o i l  samples were t e s t e d  t o  determine i f  they  
possessed any a n t o g o n i s t i c  e f f e c t s  t o  o the r  organisms. The i s o l a t e d  organ- 
isms were s t r eaked  on t h e  agar  su r face  and t h e  t e s t  organisms, Bac i l lu s  
megaterium and Pseudomonas aeruginosa were s t r eaked  perpendicular  t o  and 
across t h e  s o i l  i s o l a t e s .  
t h e  i n v e s t i g a t i o n .  
Tryptose agar  was employed dur ing  t h i s  phase of  
The above experiments were dup l i ca t ed  a t  a l a t e r  d a t e  and similar 
r e s u l t s  were obta ined .  
Microorganisms colonized t h e  s t e r i l e ,  o rganic  t r a p s  throughout t h e  
32-day b u r i a l  i n  t h r e e  Chi le  dese r t  s o i l s .  
on straws removed during 5 predetermined examination per iods  a r e  expressed 
i n  percent  occurrence i n  Figure 1. 
The occurrence of  t h e s e  organisms 



































- 8. - Bacteria - Fungi 
Time, Days 
Fig. 1. Bacterial and Fungal colonization 
of straws buried in 3 Chile soil 
samples for a 32 day period, 
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than  were fungi .  A l l  straws removed a f t e r  4 ,  8,  and 16 days o f  b u r i a l  
were colonized by b a c t e r i a .  Fungi were observed during t h e  e a r l y  examina- 
t i o n s  and were no t  found growing from straws a f te r  16 and 32 days of  b u r i a l ,  
The predominant organisms invading straws were members of  t he  genus 
Bacillus which colonized 74% o f  a l l  t h e  s t e r i l e ,  organic  t r a p s .  Four 
spec ie s  o r  d i f f e r e n t  forms of the genus Bac i l lu s  were i s o l a t e d  from t h e  
s t e r i l e  straws. The pe rcen t  of  s t raws colonized by b a c t e r i a  i s  shown i n  
Figure 2 .  Examinations of organic t r a p s  revea led  t h a t  b a c t e r i a  colonized 
t h e  straw s u b s t r a t e s  bu r i ed  i n  s o i l  o f  t h e  4-12cm depth a f t e r  two days of 
b u r i a l .  A l l  straws were invaded by b a c t e r i a  when bur i ed  i n  s o i l s  removed 
from t h e  s u r f a c e  (#290),  1-4cm (#291),  and 4-12cm (#292) depths a f t e r  4 ,  
8, and 16 days of  b u r i a l .  Tota l  co lon iza t ion  of  straws cont inued t o  b e  
observed from t r a p s  bu r i ed  i n  soils #291 and #292 whi le  no b a c t e r i a  were 
found i n  t r a p s  bu r i ed  i n  s o i l  removed from t h e  s u r f a c e  a f t e r  t h e  32-day 
b u r i a l  per iod .  
Two spec ie s  o f  fung i ,  Fusarium chlamydosporum and Asperg i l lus  n idu lans ,  
were found co loniz ing  a number o f  t h e  above mentioned t r a p s  (Fig.  3 ) .  
Fusarium chlamydosporum was found co loniz ing  t r a p s  bur ied  i n  s o i l  sample 
#290 during one examination of  straws which occurred on t h e  f o u r t h  day. 
Some of t h e  straws removed from s o i l  samples #291 and #292 were invaded by 
- A .  nidulans .  
t h e  f irst  examination, increased i n  numbers on t h e  straws removed a f t e r  t h e  
In sample #292 A .  - nidulans  appeared on t r a p s  removed a f t e r  
fou r th  day, decreased a f t e r  the  e igh th  day, and d id  not  appear a f t e r  t h e  
s i x t e e n t h  day. 
s o i l  sample #291 only on t h e  e ighth  day examination. 
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The r e s t r i c t e d  numbers and d i v e r s i t y  o f  microorganisms ca r ry ing  On t h e  
decomposition of organic  s u b s t r a t e s  bu r i ed  i n  d e s e r t  s o i l s  n e c e s s i t a t e d  a 
more c r i t i c a l  de te rmina t ion  o f  q u a n t i t a t i v e  information.  
organisms p e r  gram i n  t h e  t h r e e  d e s e r t  s o i l  samples was determined by us ing  
the  s o i l - d i l u t i o n  technique.  Soi l  removed from t h e  su r face  (#290) contained 
6 .0  b a c t e r i a  and 1.1 fungi  p e r  gram (Table 1 ) .  The number o f  organisms 
increased  i n  t h e  s o i l  removed from t h e  1-4cm depth (#291) t o  48.0 b a c t e r i a  
and 6 .6  fung i .  The s o i l  removed from t h e  4-12cm depth (#292) contained 
approximately the  same number of b a c t e r i a  as sample #291, 44.0 and 48.0 
r e s p e c t i v e l y .  The number of fungi i n  sample (292) was equal t o  t h e  number 
found i n  t h e  s u r f a c e  s o i l .  
t i o n  technique and were t o t a l l y  absent  during t h e  decomposition examination, 
This  f a c t o r  r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  
The number o f  
Streptomyces spp.  appeared when us ing  t h e  d i l u -  
I t  was assumed t h a t  t h e  r e s t r i c t e d  co lon iza t ion  of  o rgan ic  t r a p s  could 
have been due t o  t h e  an tagon i s t i c  e f f e c t s  produced by t h e  c o l o n i z e r s .  
I n t e r r e l a t i o n s h i p  s t u d i e s  were conducted by p i t t i n g  one organism aga ins t  t he  
o t h e r .  A t  no time were any a n t a g o n i s t i c  a c t i v i t i e s  observed between organ- 
isms (Table 2 ) .  Therefore ,  f u r t h e r  i n v e s t i g a t i o n  is  r equ i r ed  t o  c r i t i c a l l y  
expla in  the  r e s t r i c t i v e  a c t i v i t y  of  microorganisms observed during t h i s  
i n v e s t i g a t i o n .  
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Table 1. Determination o f  numbers of b a c t e r i a  and fung i  p e r  gram 
of  s o i l  i n  t h r e e  samples of  Chi le  d e s e r t  s o i l  
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1.1 
Table 2 .  Antagonis t ic  e f f e c t  o f  b a c t e r i a  i s o l a t e d  from Chi le  s o i l  
when t e s t e d  aga ins t  two t e s t  b a c t e r i a  and two fungi  
i s o l a t e d  during t h i s  i n v e s t i g a t i o n  
Bacter ia  
Organism 1 2 3 4 
Baci l lus  megaterium 
Pseudomonas aeruginosa 
Fusarium chlamydosporium - 
Aspergi 1 l u s  n idulans  - - - - 
The a c t i v i t i e s  of  microorganisms co loniz ing  s t e r i l e  straws b u r i e d  i n  
Chi le  s o i l  were much d i f f e r e n t  than those  repor ted  f o r  o the r  s o i l s  examined 
by using t h e  t r a p  b u r i a l  technique. Re la t ive ly  few microorganisms were 
found growing from invaded t r a p s  i n  t h i s  experiment while  o t h e r  au tho r s  
r epor t ed  t h e  growth of 10-15 organisms from a s i n g l e  organic  segment 
( S t a f f e l d t ,  1951).  I n  most ins tances  a s i n g l e  organism was found on t h e  
p l a n t  p a r t ,  y e t  t h e  d i l u t i o n  p l a t i n g  of  t h e  s o i l  revealed t h a t  a number o f  
organisms were loca ted  i n  the  a rea  of  t h e  t r a p .  Gar re t t ( l 963)  p a r t i a l l y  
10 
explained t h i s  s i t u a t i o n  when he ind ica t ed  t h a t  compet i t ion w i l l  b e  
r e s t r i c t e d  t o  those  spec ie s  t h a t  a re  metabol ica l ly  and phys io log ica l ly  
capable  and are p resen t  i n  t h e  immediate v i c i n i t y  of  t h e  s u b s t r a t e  a t  t h e  
time it becomes a v a i l a b l e .  Reasons such as t h e  reduced amount of  free 
water a v a i l a b l e ,  t h e  employment of ambient labora tory  temperature ,  and 
o t h e r s  could be given bu t  each would have t o  be  proved by r e g u l a t i n g  one 
parameter  a t  a time. 
Asperg i l lus  nidulans and Fusarium chlamydosporum c o n s t i t u t e d  t h e  
e n t i r e  fungal  populat ion during t h e  t r a p  b u r i a l  s t u d i e s .  
d i d  no t  make up any po r t ion  o f  the popula t ion  obta ined  dur ing  t h e  d i l u t i o n  
i n v e s t i g a t i o n .  
These two fungi  
During t h e  d i l u t i o n  s t u d i e s  t h e  most prominant fungi  were 
Hormodendrum horde i  and Aspergi l lus  humicola. 
p r e c i s e  r o l e  o f  each of  t h e  above mentioned fungi  i s  necessary  t o  determine 
An understanding o f  t h e  
i f  they  are  t r u e l y  i n h a b i t a n t s  of t h i s  d e s e r t  s o i l  o r  i f  they  make up a 
p o r t i o n  of  t h e  t r a n s i e n t  forms t h a t  are depos i ted  i n  t h i s  l o c a t i o n .  
Colonizat ion of t h e  p l a n t  stems by t h e  two fungi  followed by t h e i r  
disappearance i s  a l i t t l e  more d i f f i c u l t  t o  exp la in .  Again, Gar re t t ( l 963)  
l ists  four  c a p a b i l i t i e s  o f  microorganisms t h a t  lead  t o  t h e i r  success  i n  
compet i t ion .  These inc lude :  (1) r a p i d  growth r a t e  of hyphae and germin- 
a t i o n  of spores ,  (2)  broad enzyme producing systems, (3) a b i l i t y  t o  produce 
t o x i n s  and/or (4) t o l e rance  o f  tox ins  produced by o t h e r  microorganisms. 
These c a p a b i l i t i e s  express  the  i n i t i a l  success  of  t h e  microorganisms b u t  
may not  n e c e s s a r i l y  r e l a t e  t o  the cont inued a c t i v i t i e s .  Broad enzyme systems 
and to l e rances  of  t ox ins  produced by o t h e r  organisms would in f luence  cont inued 
success  of  t h e s e  fung i .  The l a t t e r  aspec t  was t e s t e d  but  was not  found t o  
be  involved.  The broadness of the enzyme systems has not  been t e s t e d  nor  
11 
has the  i n h i b i t o r y  e f f e c t  o f  t h e  accumulation of t h e  fungus waste products  
been measured. 
F i n a l l y ,  t he  eco log ica l  importance o f  microorganisms of  d e s e r t  s o i l s  
w i l l  have t o  be examined and evaluated on a b a s i s  t h a t  may d i f f e r  from those  
p e r t a i n i n g  t o  o t h e r  s o i l s .  
it must be capable  of  u t i l i z i n g  t h e  s u b s t r a t e s  a v a i l a b l e ,  p o t e n t i a l l y  
o p p o r t u n i s t i c ,  and present  i n  s u f f i c i e n t  numbers t o  a l t e r  t h e  environment. 
The number of  c e l l s  suggested f o r  a c r i t i c a l  popula t ion  d e n s i t y  i s  lo6  c e l l s  
p e r  m l  f o r  a s i n g l e  b a c t e r i a l  spec ie s  (Brock 1966).  If t h i s  s ta tement  could 
be converted t o  biomass and inc lude  b i o l o g i c a l  equ iva len t s ,  it would then  be  
p o s s i b l e  t o  use t h i s  concept over t i m e  f o r  d e s e r t  h a b i t a t s .  
For an organism t o  be eco log ica l ly  s i g n i f i c a n t  
. "  
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